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Decomposition is a critical process tha t links the above- and beloHl-ground portions
of rhe nufrient cycle. A study was initialed in /\forth Dakota , USA, 10 evaluare Ihe
decomposition rate betwe('n three genetically improved grass species monocu/rures,
Agropyron desertorwn, Bromus inermis. and Pascopyrum smithii, and fW D native
perennial grms species occurring in area rangelunds, Nassella )'iridftia and
Boureloua gracilis, S tanding litter of all five species was harvested in Oerober
1996 and placed in to litterbags. Litferbag!i were placed alollg transects ill early
Novemher 1996 and randomly selected bags were sampled in June, July, August ,
September, and October, 1997. Carbon ( Cj . nitrogen (N) and lign in were determined on 0/1 samples including the initial litter samples. The percent of dry
matter decomposed across lime ranged from 18.4% for B. gracilis t(} 26.8% f or
A . de.~er l orum. The fWD native species, occurring in undisturhed rangeland, had
sign ificantly lower rates of decomposition [han did the munOCU/lUres of the improved
cul[ivars. including the manoeu/LUre ofJhe improved natille. P. smithii. Most decomposition occurred prior [0 the June / 997 sampling date . alld/rom June to October
1997 decomposition was approxinwtely the same for all species ( 7 to 8% ) . Th l> N
concentration of the inWal samples had the strongel" correlation ( r = 0.78
P < 0. 01 ) Ivith decomposition rOles. Lignin had a significant positive correlation
(r = 0.49. P = 0.03 ) alld the C: N ralio had a signijicam negative correia lion
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(r = -0.67 P < OJ)} l lVilh decomposirion. Traits, such as decomposilioll, tha! call
qIJi>C( ec()sysfem/ullctioning need to he giren greater emphasis ill genetic selectioll of
nati)'e and improved grass species.
Keywords

carbon. lignin, nitrogen. mOllocultures, litter

Decomposition serves as a major pathway [or return of nutrients to the soil. and
changes in the amount and rate of decomposition may alTcet crucial ecosystem
characteristics (O'Neill and Norby 1996). Factors that affect decomposition include
temperature, moisture, and the chemical composition of the litter (Gillon, Joffre, and
Ibrahima 1994; Schlesinger 1991). Litter quality factors. such as lignin, carbon (C),
nitrogen (N) and the lignin: Nand C: K ratios affect the rate litler decomposes and
its net mineralization into the soil (Melillo. Aber, and Muratore 198:2; Taylor,
Parkinson, and Parsons 1989; Wedin 1999). High C : N ratios lead to greater immobilization of N in microbial biomass and may! result in reduced N available to the
plant (Wedin 1999). This can influence plant community composition (Wedin 1999;
Wedin and Tilman 1996) and impact ecosystem functioning (Wedin and Tilman
1996).
Some introduced grasses have been shown to have negative impacts on soil
quality (Dormarr cl al. 1995) and nutrient cycling (Wedin and Tilman 1996).
Therefore, many recent efforts in rehabilitation and reclamation of range and croplands have focused on the use of native species. For example in the Great Plains,
40% of the land placed in the original Conservation Reserve Program (CRP) was
seeded to introduced grasses and 53% was seeded to native grasses (Newman 1987).
Use of native grasses as a cover component increased the likelihood of acceptance in
the CRP (USDA-FSA 1999). However, the focus of most grass breeding programs
has been on plant traits such as seedling vigor. disease resistance. forage quality and
others that have a direct benefit to the producer rather than traits that have potential
environmental impacts.
Despite concerns about the impacts of improved grass cultivars on soil quality
and nutrient cycling, relatively little is known about their rates of decomposition
compared to naturally occurring native species. A study was conducted in North
Dakota, USA to compare litter decomposition rates between monocultures of two
introduced perennial grass cultivars, Agropyron deserrorllll1 (Fischer ex Link)
Schultes, and Br0n711S inermis Leysser, an improved native perennial grass cultivar,
Pascopyrum smithii (Rydb.) A. Love. and two native perennial grass species occurring on rangelands, Nassella viridula (Trin.) Barkv.!orth and Boutelolla gracilis
(Willd. Ex Kunth) Lagasca ex Griffiths. Our hypothesis was that the introduced
grasses would ha \ie a faster rate of decomposition than the native grass species.
including the improved native cultivar of P. smithii.

Materials and Methods
This study was conducted at the Northern Great Plains Research Laboratory' located
approximately 6 km south of Mandan, North Dakota, USA (46'46'N and
lOO"50 ' W). The sixteen 5.7-ha pastures used in the study had predominately silt
loam soils (fine-silty mixed Pachic Haploborolls). Pastures were sceded to either
the improved grass cultivars of Agropyron desertorulJ7 (Fisch. ex. Link) Schult.
(crested wheatgrass, cultivar 'Nordan'), BroJl1l1s inermis Leyss. (smooth bromegrass,
cultivar 'Lincoln'), Pa.ycopyrum smithii (Rydb.) Love (\vestern wheatgrass, cultivar
'Rodan ') or left as native range in the fall of 1985 creating four replications of each
species (Hofmann et a1. 1993). Agropyron de.)"ertorwl1 and B. illennis are introduced
grasses while P. smithii is a native perennial grass. The cultivars for A. desertorwlI
and P. smithii were developed at the Mandan USDA-ARS Laboratory. Standing
dead plant material of each species V'ias collected from within non grazed exclosures
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located in each of the pastures in October 1996. Standing dead plant material of the
naturally occurring native species, BOUie/aua gracilis (RBK.) Lag. ex Steud. (blue
gram a) and Nassella viridula (Trin.) Barkworth (green needlegrass) was collected at
the same time from outside exclosures in the four native range pastures. Bramus
inermis had invaded the exclosures in these pastures reducing the availability of the
desired native species. None of the pastures was fertilized after 1982. Long-term
(1913 to present) precipitation and temperature data as well as seasonal temperature
data were recorded at a weather station 3.3 km from the experimental site.
Precipitation received during the 1997 growing season (April to Septembcr) was
recorded at a weather station located within one of the pastures.
Cold winters and warm summers with erratic precipitation characterize the
Northern Great Plains. The average maximum temperature ranges from -6.9 c C in
January to 28.TC in July. The average annual precipitation is 411 mm, 79% of
which occurs from April through September. Because of the temperature and moisture regime, potential evaporation exceeds precipitation during most of the growing
season. During the study period of November 1996 to October 1997, precipitation
was 406 mm or 99% of average. Precipitation was augmented by 143 mm of precipitation in the form of snow from November I, 1996 to April 6, 1997. Precipitation
during the growing season of April though October was 270 mm or 83% of the longterm average of 327 mm. This precipitation amount includes the April snowfall.
Growing season precipitation was negatively affected by limited precipitation during
May (12mm) and June (46mm), which was 20 and 54% of the long-term average.
Both April and July were wetter than average (174% and 131 % of average respectively). April precipitation was increased by snow the first week of April.
Plant material was air-dried and broken to fit into 16 x 16-cm nylon mesh
litterbags. Twenty-four litterbags (six collection dates x four replications). containing approximately 109 of plant material, were made for each species. Only 8 g of B.
gracilis litter was placed in the litterbags because 10 g would not fit into litterbags.
Plant material remaining after the litter bags were filled was subsampled for determination of leaf: stem ratios. Each fraction was then double ground to pass through
a 1 mm screen. In November 1996, litter bags were placed along transects in the
un grazed exc10sures from which the litter was collected. Litter and plant material
was removed from the immediate area under the litter bags and the bags were placed
as flat as possible on the soil surface. Each corner of the bag was anchored with a 15
cm naiL A randomly selected litter bag was collected monthly, from June through
October 1997, in each of the 16 pastures. In the native pastures, both B. gracilis and
N. viridula litter bags were collected. Litterbags were then air-dried and remaining
plant material was removed, weighed and double ground to pass through a I-mm
screen. The air-drying of the initial samples and of the decomposed samples followed
the procedure of Abougendia and Whitman (1979). Lignin was determined using
acid detergent lignin procedure (Goering and Van Soest 1970). Carbon and N were
determined on each of the litter samples collected and the stem and leaf portions of
the initial material using a Carlo Erba NA 1500 Series 2 analyzer (Carlo Erba/Fisons
Instruments, Valencia, California, USA). Concentrations ofN, C and lignin (g kg-I)
in the initial litter material was determined by weighting the 1'.', C and lignin concentration in the leaf and stem components by the proportion of the stem and leaf
material for each species. Content (g m-') was determined by multiplying the concentration by remaining biomass at the sampling date.
Dry matter loss was determined by subtracting the weight of the remaining
biomass from the original weight and then diVIding by the original weight. The
C: N and lignin: N ratios were determined for the initial litter samples and for the
litter samples collected across time. Data were analyzed as a split plot in time with
species being the main plot factor and time being a subplot factor using PROC GLM
(SAS 1990). Means were separated using the Student-Newman-Keul's test. The C,
N, and lignin concentrations and the lignin: Nand c: N ratios were correlated with
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dry matter disappearance using the Pearson's correlation coefIicient in the PROC
CORR procedure (SAS 1990). All differences are at the P < 0.05 level unless other\\-'ise noted.

Results
B. gracilis and N. viridula litter decomposed less than the other three grasses (Figure
1). Most decomposition occurred prior to the June sampling date (>65%) for all
species. Percent decomposition occurring prior to June ranged from 65% for B.
gracilis and ]"r, viridula to 72% for P. smithii. Differences in percent decomposition
among species in June persisted for the remainder of the gro\\'ing season. Percent
decomposition during the active growing season (June to October) was approximately the same for all species (7 to 8%).
The initial litter samples contained more stems than leaves for all species except
B. gracilis, (Table 1). The initial litter samples had significant differences between
species in the concentrations of lignin, C and the C : N ratios but not in N concentration or in the lignin: N ratio. P. smithii had a lower C: N ratio than did /\'. riridula
(Figure 2A). Carbon concentration in B. gracilis, B. iner111is. and P. smithii were
significantly less than in A. desertorum and N. riridula (Figure 2C). A. deserto/"um
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FIGURE 1 Decomposition expressed as percent of original dry matter remaining at
each sampling date for each species. Letters at the end of the lines indicate significant
differences in the decomposition rates bet\\'een species over time.

TABLE 1 Proportions of leaves and stems in
the initial litter samples by species. (Standard
errors are in parenthesis).
Species

Stems

B.
N.
P.
B.
A.

19.96
66.35
54.52
64.05
92.46

gracilis
viridula
smithii
inermis
cristatwn

Leaves
(1.61)
(3.96)
(2.94)
(471)
(1.26)

80.04
33.65
45.48
35.95
7.54

(1.61)
(3.96)
(2.94)
(4.71)
(1.26)
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FIGURE 2 The carbon: nitrogen (A) and lignin: nitrogen (8) ratios and the concentration of carbon (C), lignin (0) and nitrogen (E) in the initial litter samples for
each species. Different letters over bars indicate significant differences in these variables he tween species. Lines at the top of the bars indicate standard errors for each
specIes.
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had significant ly greate r li g nin concentration then N. lIiridula a nd B. gracilis and the
Jignin co nce ntrati o n of B. gracilis was significa ntl y less th a n B. illermis a nd P. smithii
(Figure 20).
Liner qua lity in th e deco mpo sed samples had significant diITe rences bet ween
species and sampli ng pe ri od s, but there was n o t a species by time interaction.
Carbon conce ntrat io n (g kg- J ) was higher for A. deserrorwn th a n fo r the other species,
and I"l. l'ir idu/a had a higher C concentration than did th e remaining three species
(Figure 3A) . The content of C (g m- 2 ) was higher fo r N. \'il'idula than for the other
species and A. desertorwn had a higher C content than did the remaining three species
(Figure 3B). P. smithii had a higher lignin concentration than did /\.1, l'iridula, A.
desertoruJn , a nd B. gracilis , and the lignin concentration of B. iflermis and A. deserforum was greater th a n in ,"'l. viridula or B. gracilis (Figure 3C). The lignin concentration of B. s;rocilis was signifi ca ntly less than any of the other species (Figure 3C). Lignin
content was greater for P. smithii and B. inermis than for the other species and the lignin
content of B . gracilis was significanli y less than A. deser/orum o r N . viridula (F igure
3D) . There were no sig nificant differences in the N concentration be twee n s pecies
( Figu re 3E) but P . smilhii had a significantl y greater N co nt ent th an did B . gracilis
(Figure 3F). Thee: N rali o fo r P. smithiiwas significa nt ly lowe r th a n fo r A. desertorum
o r N. viridula (Figure 4A ) and the li gn in : N ra ti o was sig nifi ca nt ly lowe r for B. gracilis
than for the o ther fo ur species (Figure 4B).

Species Litter Quality AcrossTime
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FIGURE 3 N itroge n, li gnin and carbon for each s pecies pooled ove r all sampling
dates ex pressed a s conce ntration (g kg- I) and CO llle nt (g m - 2). Le tte rs over bars
indicate significant differences between species in these va riables. Lines at the top of
the bars indica te standard e rr o rs for each species.
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Ratios over Time

Ratios for Species
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FIGURE 4 Lignin: nitrogen and carbon: nitrogen ratios for each species pooled
over time (A and B) and over time pooled across species (C and D). Letters over
symbols and bars indicate significant differences bet\veen time periods or species for
that vanable.

The C: N ratios in the September 1997 sampling period were significantly lower
than the initial or the June sampling period, and the c: N ratio for the August and
October sampling periods was significantly less than the initial litter samples
(Figure 4C). There wcrc no significant differences in the lignin: N ratios across
time (Figure 4D).
Carbon concentration and content declined across time, but there were differences in significance between time periods. The C concentration and content of the
initial sample was significantly greater than any of the other time periods (Figure SA.
B). Carbon content in the June time period was significantly greater than for the
remaining time periods, and C content in the October sampling period was significantly less than in July (Figure 5B). Lignin concentration in the initial litter samples
was significantly less than the other time periods, and the June litter samples contained less lignin than the September and October litter samples (Figure SC). There
were no significant differences bet\veen time periods in Jignin content of the litter
samples. Nitrogen concentration was lower in the initial litter samples and in the
June litter samples than in the September litter samples (Figure 5E). Nitrogen content was greater in the initial and September litter samples than in the June litter
samples (figure SF).
Dry' matter loss \vas positively correlated (P < 0.05) with grams of N and lignin
in the initial litter drj' matter (Table 2). Dry matter loss was negatively correlated
(P < O.OS) with the CN ratio of the lIlitiallitter dry matter (Table 2).

Discussion
The tv·/o native grasses in the rangeland decomposed slO\ver than the l11onocultures
of the genetically improved species. including the genetically improved native P.
smifhii. which had a decomposition rate similar to that of the t\VO introduced species.
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Changes in Litter Quality over Time
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FIGURE 5 C hanges in li tter quality over time ex pressed as conce ntration (g kg··' ) or
content (g m - 2 ). Letters o ver the symbols indicate significant differences betwee n
time periods fo r each variable .

T AB LE 2 Percent d ry matter loss over
one yea r co rrelated with the grams
lignin , carbon , nitrogen and
ca rbon:nitrogen and lignin: nitrogen
ratios in the initial samples
Variable
Nitrogen (N)
Carbon (C)
Lignin (Lig.)
C:N Ra tio
Lig : N Ra ti o

r'

P va lue a

0.78
0.19
0.49
-0.67
-0.07

< 0.0 1
0.42
0.03
< 0.01
0.78

apcarson correlatio n coefficient.

Therefore, we rejected o ur hyp o thesi s that nati ve species have slower rat es of decomposition than introduced species. Rather, the genetically improved species in monoc-ultures had high e r rates of decomposition tha n did rhe natura ll y occurring nati ve
species in rangelands. In a native community, P. smithii had decomposi tion rates
similar to B. gracilis (Abougucndia and Whitman 1979); however, o ur res ul ts show
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tha t an improved c uhi va r of P. smilhii had a significa ntl y higher decomposi ti on ra te
than did 8 . gracilis.
Several fac tors m ay ha ve con tri bu ted to the fa ster ra tes o f deco mposi ti on in the
ge neti ca ll y improved species. The geneti ca ll y impro ved species are generall y used in
previously c ulti vat ed fields ( Dormaar e t a l. 1995). a nd the pastures used in thi s stud y
we re till ed prior to seeding the pastures. C ul tiva ti on of native prairie has been show n
to have lasting efTects on soil properties (D ormaar. Adams. and Willms 1994). an d
even the type of tillage may affect the composition of the decomposer communities
(Beare ct al. 1992). Therefore, the faster decomposition of the genetically improved
species may be linked to cultivation rather th an to in herent factors in the grasses.
Alternatively, the differences in dCl: omposition rates may be linkcd to differences
in litter quality. Higher initial N concentrations ha ve increased decomposition rat es,
particularly in species with lignin concentrations greate r than 10% (Taylor et al.
1989). T he native species tended to have th e lowest (P = 0. 12) initial N concentrati o ns, and bo th N. viridula and B. gracilis had lowe r initial lignin concentration than
the genetica ll y impro ved species, ah houg h o nly B. gracilis was significa nt ly different.
Initia l N co nce ntrat ion ha d the hi ghest co rrela ti o n with dry m atter loss (r ~ 0.78.
P < 0.001 ).
Carbo n : ni trogen ratios ha ve al so bee n linked to lille r dry ma tter loss (Taylo r et
31. 1989). The C: N ratios of the in itial samp les had a significant negative co rrel atio ns (r = - 0 .67, P < 0.(1) with dry ma tter loss from the litte r sa mples but were
co rrelated less stro ngly than the initi a l N con ten t. The C: N ratios decreased ac ross
time as C co nce ntration decreased and N co ncentra tion increased. Although C: N
ratios are crude es timations of litter quality (Pregit zer et al. 2(00), shifts in the se
ra ti os may have significant effects on ecosystem functioning (Wedin and Tilman
1996). In Minnesota, a shift in species compositi o n decreased the C: N ratios
which increased N mineralization, soil nitrat e a nd N losses from the soil (Wed in
a nd Tilman 1996). C: N ratios greater than 30 bave been suggested to result in
greater immo bilization of N in grasslands (Wedin 1999) . All of the species in thi s
study had C: N ratios greater than 50 , whi ch should result in a net N immobilization.
However, in more se miarid areas the linkages between litter qual ity and feedback are
no t as defined (Burke et al. 1998) .
The re have been mixed report s in the literalUre a bo ut the eITect of lignin o n
deco mpositio n ra les. Initial li gni n co ncentrati o ns (Abe r, Melillo, a nd McClaughe rt y
1990) and lignin : N ratios (Mel illo et a l. 1982) have hec n co rrelated with litter matter
loss; howeve r, low co rre la ti o ns with li gnin ha ve a lso bee n repo rted (Henrik sen and
Brela nd 1999). Lignin is a complex chemica l fracti o n th at has been shown to ha ve
d iffe renti a l digestibili ty to he rbi vo res (lung 1989). In o ur stud y, the slo wer deco mposi ng native species had lower li gnin co nce nt ra ti o n in the initial sam ples th a n A .
d(!senol'um, whi ch d eco mposed the mos t rapidl y, and th e lignin: N ratio was poorl y
correla ted with decomposition. The grams of lignin in the litter samples remain ed
relatively co nstant across time for all species, which suggested that the li gnin fraction
in a ll species was relatively resistant to decompositi on.
A maj ority of the decomposition occurred before th e ac tive growing season \vhen
warmer temperatures and increased moisture should help in the decomposition process. Lowe r precipitation during the growing seaso n because of dry weather during In te
April , M ay, and part of June may have slowed decomposition. Alternatively, a late
snowfa ll may have provided enough soil moisture for deco mposi tion to occur in the
earlies t pa rt of the grmving season. The high<.:r N <.:o ncen trati ons of the geneticall y
improved species ma y have increased th eir early seaso n decomposi tion rates.

Conclusions
There has been increasmg inte res t in the use of na ti ve c ult ivars in re vege ta ti o n
e ffort s. However. o ur stud y illustrates th e lac k o f a basic unde rstandin g of man y
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ecological attributes. such as decompositi on. for some ge netica lly improved species .
For exa mple, a monoculture of the improved cultiva r of a na ti ve species had a
decomposition ra te similar to the introdu ced cul tiva rs used in th e study. The initial
N content of these grasses had the highest co rrelation with decomp osition ra tes and
may be a va lu a bl e screening m echa ni sm in selecting culti va rs in for use in revegeta -

tion projects \vhere ecosystem fu nctioning is a consideratio n. More explicit compariso ns of decompos itio n rate and o ther ecological a ttributes need to be done between
genetically improved and naturally occurring na tive species. Important attributes
that affect ecosystem fun ctioni ng co uld then be give n grea ter emphasis in ge netic
selection programs (0 develop grasses that are suited for revegetation projects.
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